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The observed Universe Astronomical
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INTRODUCTION

The observed Universe
Cosmology

0.6 1

e.g. see lecture by Elisabeth Krause, Cora Uhlemann
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INTRODUCTION

This lecture

The observed Universe Astronomical Processed
foreground data
. N Optical | Detector .
system
Telescope
Optical and NIR Galaxy
galaxy surveys catalogues

Emphasis on Euclid VIS
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INTRODUCTION

. Why as a theorist should y0u be mterested g
challenges of data acquisition?
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Why as a theorist should you be Interested In

challenges of data acquisition?

0() O 1) d () TWUL T8 US Not interesting
b d O & TWOUL TP is interesting

10]Ae] v wol} pasdsul apI|S
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Why as a theorist should you be Interested In

challenges of data acquisItiORZmpie of weak Lensing

A We measure cosmological parameters from the shear power in tomographic redshift slices. With
stage-1V Dark Energy survey®(g Euclid): accuracy of, (U ) ™Wrt@nd, (L ) T®
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challenges of data acquiSItIORZmple of Weak Lensing

A We measure cosmological parameters from the shear power in tomographic redshift slices. With
stage-1V Dark Energy survey®(g Euclid): accuracy of, (U ) ™Wrt@nd, (L ) T®

A The error on) scales roughly as— p m.
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Why as a theorist should you be Interested In

challenges of data acquiSItIORZmple of Weak Lensing

A We measure cosmological parameters from the shear power in tomographic redshift slices. With
stage-1V Dark Energy survey®(g Euclid): accuracy of, (U ) ™Wrt@nd, (L ) T®

A The error on) scales roughly as— p m.

A In WL, we are interested in shear level of 18t p

A This means that we have to measure shear to an accuracy and precisiorxob 1t 8This is tiny!!!
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Why as a theorist should you be Interested In

challenges of data acquiSItiORZmpie of Weak Lensing

A We measure cosmological parameters from the shear power in tomographic redshift slices. With
stage-1V Dark Energy survey®(g Euclid): accuracy of, (U ) ™Wrt@nd, (L ) T®

A The error on) scales roughly as— p m.

A In WL, we are interested in shear level of 18t p

A This means that we have to measure shear to an accuracy and precisiorxob 1t 8This is tiny!!!
A Statistical precision set by— Twhere , T IS the shape noise. Sowe need P Tt

galaxies. Huge survey!
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Why as a theorist should you be Interested In

challenges of data acquiSItiORZmpie of Weak Lensing

A We measure cosmological parameters from the shear power in tomographic redshift slices. With
stage-1V Dark Energy survey®(g Euclid): accuracy of, (U ) ™Wrt@nd, (L ) T®

galaxies. Huge survey!

A Error budget will be dominated by systematics: we want to control with high precision optics and
electronics and data processing.

A The error on) scales roughly as— p m.
%2
A In WL, we are interested in shear level of T8 p ®
>
A This means that we have to measure shear to an accuracy and precisiorxob 1t 8This is tiny!!! =)
(D
@k
A Statistical precision set by— Twhere , T IS the shape noise. Sowe need p Tt §“
>
>
<
O
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INTRODUCTION

Why as a theorist should you be Interested In
challenges of data acquiSItiORZmpie of Weak Lensing

A raw Euclid VIS image

23/07/2025 LesHouches -- Dark Universe-- Clotilde Laigle
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Why as a theorist should you be Interested In

Challenges of data acquisItiOR2mpie of weak Lensing
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A raw Euclid VIS image
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INTRODUCTION

Why as a theorist should you be Interested In
Challenges of data acqu|S|t|o|am,,npIe of Weak Lensing
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INTRODUCTION

Why as a theorist should you be Interested In
challenges of data acqwsﬁmaxample of Weak Lensing

. (\ b/OO/;? Callbratlon/correctlon Dellverlng h|gh quallty
e go’\\ \ o ”79 - of numerous effects images/catalogues
eth e 0 s o T e ik LS as possible across
Charge transferlneffluency e ,o/) S 4 g - SUrvey
G Gamels  Sydge Oz‘O,77 S b Wi accuracy meeting
& é A A R e T Sfp, ,
Y‘

. Qfaﬂ\*

— /

S ' E /%<\g¥\‘@('%“ -

L e "f?.»,-:-c*.?ffia"ff
LN f - Cosmigess of oY

Several effects arelnterrelated (CTI/N L/BFE)

What s Significant time evolution of some effects (ice);
hard | some unexpected events (proton shower, etc.)
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Why as a theorist should you be Interested In

challenges of data acquiSItiORZmpie of Weak Lensing

A Possible biases comes from many sources, so each need to be controlled to even higher
precisions.

A At small scale, baryonic physics impact shear measurement, so we want to measure
shear at scale larger than a few arcmin. We must pay attention to detection effects that
could cause systematics coherent distortion at these scales

A If there are systematic residuals impacting shear measurements, we will misinterpret the
result and wrongly estimate the cosmological parameters

A Engineers cannot do everything by themselves: they need input from researchers to
understand what to precisely monitor and how the residuals of their correction impact
shear estimation.

23/07/2025 Les Houches-- Dark Universe-- Clotilde Laigle 18



INTRODUCTION

FrOm p OtOnS tO ga aXy Operations Ground Segment
catalogues: a complex | ocs
chain

Example of
Euclid science ground segment

— g, LEOP Ground
atanions

= band (5.5 Ghz)

\_’ Routine Ground Stations NMWO-2
x’ ] (AA)

K-band {256 Ghz)
RAR A

ESTRACK DSM: CEB, MLG, (MNO) i_ KOU (TBC)

3

Science Data

~ SVT:TM, TC TT&C: TM, TC, Tracking

Science Ground Segment

1 T _—
[ _I 3'; | MNetwork I/F | Simulator
S G S —I— ESS/SCS I-: QLA/HMS I g s Mission Planning
I a Control Flight Dynamics Sys.
: i LE1/10T = System
ESS: Survey planning LSUE Level 1 J s Ops Support Tools
SC5. Instrument commanding — — — — — — — . 4
Operational DB MOC (ESOC)

GQLA: Quick look analysis === 1- ~L l Level E : :

1
HM35: Scientific health monitoring ] | | |

i
LE1: Level1 processing i %IEI NIR _SIIEI _Ex'll ls’": DB FDS3 DE‘ I SDE/SVF

. T P | .
I0T: Instrument Operations Team : . - [ ] Mission Ops GS (ES0C) [ industry Responsibiity
VI5: VIS image processing $|M Level 2
MIR: NISP photometry image processing ,
_ : . ' VISR SIVEXT

SIR: NISP spectroscopyimage processing i crona-check ‘ Courtesy: G. Racca, ESA PO and Euclid Consortium ECSGS
EXT: External data ingestion !_ __________ .
MER: Euclid and External data merging ! . .
SPE. Spectroscopic redzhift and spectral Level S ﬂ, El-lﬂ LE-’EI
properties
SHE: Shear and weak lensing m ,,,;EI'H
measurements crosscheck cross-chick

PHZ. Photometric red=shift measurements

. — : Level 3
LE3: Level3 scientific processing E C S G S
SIM: Image =imulations
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From photons to galaxy catalogues

AA very complex chain

AA huge group of persons that must work together: technicians, software
engineers, research engineers, astronomers

Aln any case,very inter-disciplinary work:
A Cosmology
A Astrophysics: space weather, astronomical foreground, etc.
A Detector physics f qkt Wneét H R U ¢ a

A Optics: filters, dichroic, grism, ray tracing

A Engineering

A Software / pipelines / algorithms

A Requirement flon-down / interfaces / management / communication

23/07/2025 Les Houches-- Dark Universe-- Clotilde Laigle 20



Outline
trocuettion—
1. Designing a galaxy survey: basic considerations on telescopes

Telescopes In comparison, onrground or In space fov/resolution/sensitivity, Imaging versus spectroscopy

2. Overview of existing and upcoming galaxy larggeurveys

Overview of DE surveys, Spectroscopic surveys. Zoom on DESI and foHepy Photometric surveys. Zoom on Euclid

3. From distant galaxies to the detector: the case of VIS on Euclid

Astronomical foreground, being in space, data acquisition chain, zoom on BFE and CTI

4. Euclid: the adventure of a space telescope

Some surprises that can happen when you launch at L2

Conclusion

23/07/2025 Les Houches-- Dark Universe-- Clotilde Laigle
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1. Desiginga survey: basic considerations on telescor

Telescopes In comparison

AECHG WqUIG Wt HYGIUIWGE ¢t WRat WYs Ut GUHRcE G q! wlY U Ws 6
detector sensitivity + strategy of sky scanning
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1. Desiginga survey: basic considerations on telescor

Telescopes In comparison

AECHG WqUIG Wt HYGIUIWGE ¢t WRat WYs Ut GUHRcE G q! wlY U Ws 6
detector sensitivity + strategy of sky scanning

HST JWST Euclid Vera Rubin Observatory
Launch: 1990 Launch: 25 /12/2021  Launch: 1/07/2023  First light: 06/2025
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1. Desiginga survey: basic considerations on telescor

Onground or In space?

AECHG WqUIG Wt HYGIUIWGE ¢t WRat WYs Ut GUHRcE G q! wlY U Ws 6
detector sensitivity + strategy of sky scanning

A Data from ground-based telescopes are affected byatmosphere which filters certain
5C201X3UNq6t WelWwmnd Ys wt DIRUNWe ¢ G Ra!

Chile
Low orbit (~515km) L2 | 2 M KOS aT~%00nm
M HOM &t P #60nm M FOM at © /60nm M FONaE ~Z00nm

HST JWST Euclid Vera Rubin Observatory
Launch: 1990 Launch: 25 /12/2021  Launch: 1/07/2023  First light: 06/2025
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1. Desiginga survey: basic considerations on telescor

Onground or In space?

AECHG WqUIG Wt HYGIUIWGE ¢t WRat WYs Ut GUHRcE G q! wlY U Ws 6
detector sensitivity + strategy of sky scanning

A Data from ground-based telescopes are affected byatmosphere which filters certain
5C201X3UNq6t WelWwmnd Ys wt DIRUNWe ¢ G Ra!

A On-ground telescopes can hostlarger mirror and larger camera than space telescopes

HST JWST Euclid Vera Rubin Observatory
Launch: 1990 Launch: 25 /12/2021  Launch: 1/07/2023  First light: 06/2025
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1. Desiginga survey: basic considerations on telescor

Onground or In space?

AECHG WqUIG Wt HYGIUIWGE ¢t WRat WYs Ut GUHRcE G q! wlY U Ws 6
detector sensitivity + strategy of sky scanning

A Data from ground-based telescopes are affected byatmosphere which filters certain
5C201X3UNq6t WelWwmnd Ys wt DIRUNWe ¢ G Ra!

A On-ground telescopes can hostlarger mirror and larger camera than space telescope

Camera:
6.5 m 2800 kg
Camera:
113 kg
\8

O o

4Am
1.2 m
2.4 m
HST JWST Euclid Vera Rubin Observatory
Launch: 1990 Launch: 25 /12/2021  Launch: 1/07/2023  First light: 06/2025
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1. Desiginga survey: basic considerations on telescor

Field of view /
resolution / Sensitivit

A Sensitivity depends on:

O Mmirror size 1% de la surface de
0 sensitivity of the detector la pleine lne | |
A Spatial luti Hubble 40 fois la surface de la pleine lune
patid reso.u on Vera C. Rubin Observatory
depends on: 0.7% de la surface
o Atmospheric turbulence de la pleine lune
JWST

O MmIrror size size and
wavelength. Rayleigh

Criterion: ¥ p& ¢ ’
J fois la surface de

A Field of view depends on la pleine lune

O detector size ‘ Euclid

23/07/2025




1. Desiginga survey: basic considerations on telescor

In space: loworbit or L27?
goesa

\ >
»
»
Nad
’
»

. K
- —p—_ Moom h'
Earth - AW AN \
/ s
!
¥
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1. Desiginga survey: basic considerations on telescor Credit: NASA & ESA

In space: loworbit or L27?

A Low-orbit: e.g. HST (< 600km)

o0 Maintenance is possible!

BUT
o Target occultation by the Earth for varying duration during each 96 R ¢ .
ORUz qWY! HRqAWI WGUKUI RUNDWY ULllg ¢ | N | We & 1 LL
orbital plane i

o0 Geocoronal emission, Earth shine, zodiacal light

o Orbital thermo-cycling / shadow passage every 90 min
Credit: NASA's Scientific Visualization Studio

Ax Za WIJONKOWs i ENAWE edei R1 A W]

o Lower background
o More thermally stable

o Better visibility all the time.
BUT, No possible maintenance

o More sensitive to space weather (not protected by earth magnetic Earth magnetic field
field)
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2. EXIsting and upcoming
galaxy largeurveys for DE

A. Spectroscopic redshift surveys
B. Weak lensing surveys

23/07/2025 LesHouches -- Dark Universe-- Clotilde Laigle



1. DeS|g|nga survey: basu: Con5|derat|ons on telescor

Imaglng

‘: Weak lensing

A Photometric surveys

0 galaxy angular positions

0 shapes
0 redshift distributions in tomographic bins

U shear power in tomographic redshift slices

A Sources of noise
o0 Not enough statistics

0 Redshift distribution incorrectly known
0 Systematics in shape measurements

A Strategy to improve measurements
o Larger sky coverage, deeper images

o Multi -wavelength photometry + good
knowledge of galaxy spectra diversity

0 High resolution photometry (in space), NIR,
good control of the wavefront error

32



1. Desiginga survey: basic considerations on telescop . EN T L R

. S ¥ 30
&”‘Z% e
Ia /sl shbectrosco SRR
v ' » o;t‘,“"*%
g g y P ., 'f’;:,ﬁ*
, Weak Iensm clustering SRR ;,::a’».v.‘.«

2 A Spectroscopic surveys .

o galaxy angular positions

s ae -tt

(not for grism)

U Compress galaxy positions into power spectrum

A Sources of noise D N R Tt
o Not enough statistics A E 4*» f'&:.’ ';, 24
0 redshift errors e g ’:' A
0 Finite number of tracers / sampling~bias ot ’«3}1‘:"2 h

A Strategy to improve measurements Y
0 Larger sky coverage, fainter flux limit (less catastrophic failures,

nigher sampling) —

o Larger wavelength coverage (reduce sampling bias, higher

redshift)
o Higher spectral resolution (better quality redshift, less
catastrophic failures) Y —

ches-- Dark Universe-- Clotilde Laigle 33



1. Desiginga survey: basic considerations on telescor

Additional considerations on spectroscopy

Multi -object spectrograph Slitless spectroscopy
e.g. BOSS, DESI e.g. NISP (Euclid), WFI (Roman)
A Need imaging survey for target selection A No target selection ~ dispersed imaging
A Large-flexibility in imaging strategy A Intricate mixing of spatial and spectral information

= i ,___‘._-“ A -— —— P - AN A A - A A A
(-
1 | | 1 { ' —— ! 1 | o— o ' | ' '
NN N il T WX LL10]
Wavelenglh [A

g J ’
Ly YUY %ﬂfmﬁ . 54". N TN l L)
Wﬁ. IRaLi “*MW” ., *’J’“W,ﬂhﬁ_\m

Performances: Number of fibers (and configuration time), Performances: Spatial resolution, Wavelength resolution (+FoV,
Wavelength resolution (+FoV, sensitivity, wavelength range) sensitivity, wavelength range)
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2. Overview of existing and upcoming galaxy large

Classification of the Dark Energy Task Force

Albrecht+2006:Report of the Dark Energy Task Force

Performance of a survey quantified in terms of gain in the DE figure of merie feducing the area
of the 95% confidence limitinthed 0 plane)

2dF, SDSS .. .+ 95% confidence.
A Stage |l: observational status in 2010
BOSS/ SDSSIII*

A Stage IlI: experiment started in the 2010s
eBOSY DES / HSC / KID&000O* a0

A Stage IV: experiments started in the 2020s
DESI/ DESII/ Euclid / LSST / Romah

A Stage V?

Spec-5: https://spec -s5.org/ Besuner+25 Schlegel+22, WST

DETF
Fiducial Model

*non-exhaustive list
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https://ui.adsabs.harvard.edu/abs/2025arXiv250307923B/abstract
https://ui.adsabs.harvard.edu/abs/2022arXiv220903585S/abstract
https://arxiv.org/abs/astro-ph/0609591

2. Overview of existing and upcoming galaxy large

Overview of past spectroscopic s ryesu o
g;%\ga;geelllfgl—;%vnesﬂl E. oy
Rood 1988

CfA2 and SSRS2 redshift surveys,
Chincarini, G., & Guzzo, L., 1998

23/07/2025 Les Houches-- Dark Universe-- Clotilde <I:_sz\}igle X 36


https://ui.adsabs.harvard.edu/abs/2022arXiv220903585S/abstract

2. Overview of existing and upcoming galaxy large

Spectroscopic surveys:. overview

Euclid collaboration, Mellier+25

&L S, N
10°- N “ S
A\
r-ES . .
o7 @ Euclid
b @ DESIELG
2 10" " @ DESIBGS @ DESI QSO -
£ | _ f
c | ;
k3 @ DESILRG
5
é 10° - -
g o SDSS main sample
2dFGRS , |
.._- ., @ <BOSS LRG
5 ' ;
1077 @ VIPERS
@ SDSS LRG
10 1 10" 10° 10°

Comoving volume [h™Gpc’]

23/07/2025

Schlegel+22

108_

106_

104_

S dF
,sésdo 66FPRIMUS

Mo

ACRE Gy
,,/’ e RAS
9 (48RS

GAMA, WiggleZ

LAMOST

1980 1990 2000 2010 2020 2030 2040

Year
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https://ui.adsabs.harvard.edu/abs/2022arXiv220903585S/abstract

2. Overview of existing and upcoming galaxy large

Spectroscopic surveys:. overview

Credit: David J. Schlege{Berkeley Lab using data from DESI)
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